Camptothecin, over four decades of surprising findings.
Camptothecin (CPT) is a modified monoterpene indole alkaloid produced by Camptotheca acuminata (Nyssaceae), Nothapodytes foetida, Pyrenacantha klaineana, Merrilliodendron megacarpum (Icacinaceae), Ophiorrhiza pumila (Rubiaceae), Ervatamia heyneana (Apocynaceae) and Mostuea brunonis (Gelsemiaceae), species belonging to unrelated orders of angiosperms. From the distribution of CPT and other secondary metabolites, it has been postulated that the genes encoding enzymes involved in their biosynthesis evolved early during evolution. These genes were presumably not lost during evolution but might have been "switched off" during a certain period of time and "switched on" again at some later point. The CPT derivatives, irinotecan and topotecan, are used throughout the world for the treatment of various cancers, and over a dozen more CPT analogues are currently at various stages of clinical development. The worldwide market size of irinotecan/topotecan in 2002 was estimated at about $750 million and at $1 billion by 2003. In spite of the rapid growth of the market, CPT is still harvested by extraction from bark and seeds of C. acuminata and N. foetida. All parts of C. acuminata contain some CPT, although the highest level is found in young leaves (approximately 4-5 mg g(-1) dry weight), approximately 50% higher than in seeds and 250% higher than in bark. The development of hairy root cultures of O. pumila and C. acuminata, and the cloning and characterization of genes encoding key enzymes of the pathway leading to CPT formation in plants has opened new possibilities to propose alternative and more sustainable production systems for this important alkaloid.